The work concerns the reactivity of 17β-hydroxy-17α-substituted androstanes 1-9. Depending on the nature of the 17α-substituent, the presence of the neighboring 16-oximino group, and the reagent used, these compounds can undergo retroaddition (10)(11)(12) and fragmentation-cyclization (14-16) reactions.
INTRODUCTION
In our previous works (1) (2) (3) (4) (5) we synthesized a number of 17β-hydroxy-17α-substituted androstane derivatives 1-9, which served as suitable precursors for the synthesis of some new A-, B-and D-modified androstane derivatives with antiaromatase and cytotoxic activities (3) (4) (5) (6) .
Compounds 1-9 ( Figure 1 ) showed the corresponding chemical reactivity under the following reaction conditions. With boiling acetic anhydride, compounds 1, 3 and 4 gave the corresponding 17-picolinylidene and 17-benzylidene derivatives (1) (2) (3) . With potassium hydroxide in boiling ethylene glycol, compounds 5 and 6 afforded 16-amino-17-substituted-homo derivatives in the D-ring (4), while the same type of D-homo steroids formed compounds 7 and 8 in the reaction with potassium tert-butoxide in boiling tertbutyl alcohol (4) . On the other hand, 17β-hydroxy-16-oximino-17α-substituted derivatives 5-9, with p-toluenesulfonyl chloride in pyridine, acetic anhydride in pyridine, and potassium tert-butoxide in tert-butyl alcohol, gave the corresponding 16,17-seco derivatives (4) (5) (6) .
In view of all the above and our constant interest in 17β-hydroxy-17α-substituted androstane derivatives, we studied in detail their chemical behavior in regard of the nature of the C-17 substituent, first of all in the presence of the different bases. Special attention was paid to the behavior of the 17β-hydroxy-17α-picolyl system under the con-ditions of N-carboxylation with ethyl esters of chloroacetic and 11-bromoundecanoic acids. Also, the aim of the study was to establish the difference in reactivity of the 17β-hydroxy-17α-substituted fragments in the groups of compounds 1-4 and 5-9, bearing in mind that the latter group contains neighboring 16-oximino group. Another objective was to establish whether there is an influence of the 4-en-3-one increment on reactivity of the 17β-hydroxy-17α-substituted androstanes. 
EXPERIMENTAL

General Procedure
Melting points were determined using a Büchi SMP 20 apparatus and are uncorrected. IR spectra were recorded on a Nexus 670 SP-IR spectrometer (wavenumbers in cm -1 ). NMR spectra were taken on a Bruker AC 250E spectrometer operating at 250 MHz ( 1 H) and 62.5 MHz ( 13 C) and are reported in ppm (-scale) downfield from the tetramethylsilane internal standard; coupling constants (J) are given in Hz. Mass spectra (TOF) were recorded on a 6210 time-of-flight LC/MS Agilent Technologies (ESI+). Chromatographic separations were performed on silica gel columns (Kieselgel 60, 0.063-0.20 mm, Merck). All the reagents used were of analytical reagent grade. All solutions were dried over anhydrous sodium sulfate.
Reaction of compounds 1-3 with ethyl chloroacetate
Compounds 1-3 (0.13 mmol) were dissolved in absolute ethanol (3 ml), ethyl chloroacetate (0.26 mmol) was added, and the reaction mixture was refluxed for 93 h (com-pounds 1 and 2) or for 48 h (compound 3). After cooling, the reaction mixture was poured into water (10 ml) and extracted with dichloromethane (4 × 5 ml). The extracts were dried, the solvents evaporated, and crude products were purified by column chromatography (4 g silica gel, toluene-ethyl acetate 9:1 for compound 10; 12:1 for compound 11 and 15:1 for compound 12). Pure compound 10 (from 1, 51% yield; m.p. 151ºC, lit. (7) m.p. 146-151ºC), compound 11 (from 2, 37% yield; m.p. 170ºC, lit. (7) m.p. 168-170ºC) and compound 12 (from 3, 53% yield; m.p. 170-171ºC, lit. (7) m.p. 170-173 ºC).
Reaction of compound 1 with potassium tert-butoxide
Compound 1 (0.076 g, 0.2 mmol) was dissolved in 1 M potassium tert-butoxide in tert-butyl alcohol (8 ml) and the reaction mixture was refluxed for 1 h. After cooling, the reaction mixture was poured into water (15 ml), neutralized with HCl 1:1 and extracted with diethyl ether (3 × 5 ml). The extract was dried and the solvent removed under reduced pressure, giving compound 10 (0.047 g, 82% yield; m.p. 151ºC).
Reaction of compound 1 with ethyl 11-bromoundecanoate
To compound 1 (0.190 g, 0.5 mmol), absolute ethanol (0.3 ml) and ethyl 11-bromoundecanoate (0.270 g, 1 mmol) were added and the reaction mixture was heated at the boiling temperature for 80 h. After the reaction was complete, the ethanol was removed, and benzene (5 ml) was added. The precipitate was recrystallized from acetone-ethyl acetate affording a pure compound 13 (3) (0.075 g, 33%; m.p. 235-236ºC).
Reaction of compounds 6 and 7 with potassium tert-butoxide, or sodium ethoxide, or potassium hydroxide
Compounds 6 and 7 (0.15 mmol) were dissolved in 1 M tert-BuOK in tert-butyl alcohol (8 ml), or in 3 M EtONa in ethanol (5 ml), or in 3 M KOH in ethylene glycol (6 ml). The reaction mixture was refluxed for 30 min (6) or 2 h (7) with tert-BuOK, 2.5 h with EtONa, or 2 h with KOH. After the reactions were complete, the reaction mixtures were diluted with water (15 ml), acidified to pH 2 with 2 M HCl and extracted with dichloromethane (4 × 5 ml). The combined extracts were dried and the solvent was evaporated. The solid products were recrystallized from methanol, giving pure compounds 15 (61% with tert-BuOK, 23% with EtONa and 84% with KOH; m.p. 318ºC, lit. (4) 
RESULTS AND DISCUSSION
Compounds 1-4 were synthesized starting from dehydroepiandrosterone (10), applying known procedures (1-3) . The addition of α-picolyllithium on the C-17 carbonyl group of dehydroepiandrosterone yielded compound 1. Acetylation of compound 1 gave 3β-acetoxy derivative 2, and the Oppenauer oxidation of compound 1 resulted in 4-en-3-one derivative 3. Scheme 1 presents chemical transformations of compounds 1-3 that were performed in this work. In the reaction of compound 1 (17α-picolyl-17β-hydroxy system) with potassium tert-butoxide in tert-butyl alcohol at the boiling temperature for 1h, elimination of α-picoline system was observed, which is the process opposite to the initial reaction of addition of α-picolyllithium on the C-17 carbonyl group of dehydroepiandrosterone. The treatment of the reaction mixture gave dehydroepiandrosterone (10) in a yield of 82%. Under the same conditions, compound 4 (17α-benzyl-17β-hydroxy system) was stable and did not undergo retroaddition. When compound 1 was heated with sodium ethoxide in ethanol at the boiling temperature, the reaction of retroaddition was much slower, so that in 4 h compound 1 reacted only partly to give dehydroepiandrosterone (10), which is in agreement with the lower basicity of the base used. However, by heating compound 1 with potassium hydroxide in boiling ethylene glycol for 2 h the retroaddition reaction proceeded to an end, so that the treatment of the reaction mixture and chromatographic purification afforded the retroaddition product 10 in a yield of 59%.
Quite unexpectedly, the retroaddition reaction was also observed in an attempt to prepare an N-carboxyalkyl derivative of compound 1 or its 3β-acetoxy derivative 2 with ethyl chloroacetate in boiling ethanol in the course of 93 h. Apart from the unreacted starting compounds 1 (27%) and 2 (34%) it was possible to isolate in a greater yield the retroaddition products 10 (52%) and 11 (37%). Similarly, the retroaddition reaction was confirmed with compound 3 under the same reaction conditions using ethyl chloroacetate (as was the case with compounds 1 and 2), but in a shorter time (48 h), resulting in androstenedione 12 in a yield of 53% (Scheme 1). 2 COOEt, EtOH, reflux, 93 h (for 1 and 2) and 48 h (for 3); (ii) tBuOK, t-BuOH, reflux, 1 h, only for 1; (iii) cyclohexanone, (t-BuO) 3 Al, reflux, 3 h; (iv) BrCH 2 (CH 2 ) 9 COOEt, EtOH, reflux, 80 h, only for 1.
Scheme 1. (i) ClCH
When 17α-picolyl derivative 1 was subjected to the Oppenauer oxidation, in addition to the expected oxidation product 3 (40%), a retroaddition product, androst-4-ene-3,17-dione (12), was also obtained in a small yield (6%) (3) . With the aim to study the retroaddition conditions more thoroughly, compound 3 was subjected to the action of potassi-
um tert-butoxide in tert-butyl alcohol and the reaction mixture was boiled for 1 h. However, no retroaddition took place, but the reaction yielded a very complex mixture. Possible mechanisms of retroaddition for compounds 1 and 2 with potassium tertbutoxide and ethyl chloroacetate are shown in Scheme 2.
Scheme 2. Proposed mechanism of the retroaddition reaction
A different reaction product was obtained in the case of compound 1 using ethyl 11-bromoundecanoate instead of ethyl chloroacetate. It can be assumed that no nucleophilic attack on the N atom of the α-picolyl group of compounds 1 or 2 at C-11 took place, but, most probably, a proton was abstracted from the C-10 of the ester, followed by elimination of HBr and formation of compound 13. Compound 13 was obtained previously by the reaction of HBr in acetone with compound 1 (3).
On the other hand, on studying reactivity of the 17β-hydroxy-17α-substituted androstane in the presence of the neighboring 16-oximino group (compounds 5, 6 and 7) it was concluded that it did not undergo retroaddition under alkaline conditions but a fragmentation-cyclization reaction in the D-homo ring, with the formation of compounds 14, 15 and 16 (Scheme 3). In our previous work (4), heating of oximino-alcohols 5 and 6 with potassium hydroxide in boiling ethylene glycol gave the D-homo derivatives 14 and 15 in yields 52% and 84%, respectively. In this work we found that lower yields of compound 15 were obtained irrespective of using stronger bases, but at lower reaction temperatures. Using potassium tert-butoxide in tert-butyl alcohol at reflux during 30 min, compound 6 gave the 17-phenyl-D-homo product 15 in a yield of 61%, whereas heating with sodium ethoxide in boiling ethanol for 2.5 h afforded compound 15 in a yield of only 23%.
In the last two cases, the lower yield of compound 15 was probably influenced by the bulkiness of the used bases, which hindered deprotonation of the D-seco intermediates 5a-7a and formation of the anions 5b-7b that undergo cyclization (Scheme 3).
Scheme 3.
(i) t-BuOK, t-BuOH, reflux, 30 min (6) and 2 h (7); (ii) EtONa, EtOH, reflux, 2.5 h; (iii) KOH, ethylene glycol, reflux, 2 h.
In the case of a less bulky 17α-substituent (methyl group) in compound 7, the results were almost opposite. We have previously found that the reaction with potassium tertbutoxide in tert-butyl alcohol at the boiling temperature resulted in the D-homo derivative 16 in a yield of 73% (4) . In the present work we observed that the use of weaker bases resulted in lower yields. Heating of compound 7 with sodium ethoxide in ethanol at the boiling temperature for 2.5 h gave the D-homo derivative 16 in a yield of 57%, whereas heating of the same compound with potassium hydroxide in boiling ethylene glycol for 4 h resulted in the same compound 16 in a yield of only 31%. Most probably, the crucial role in this case played the base strength, irrespectively of the bulkiness of its molecule, especially because the anions were not additionally stabilized by the aromatic ring, as was the case with the D-homo derivative 15.
In a previous work (6) we discussed the fact that 17α-substituents in the oximino alcohols 5-9 should have an H atom at the carbon that is directly bonded to the C-17, as a precondition that, after fragmentation to the D-seco intermediate, they undergo cyclization to D-homo products. It was found that this was the reason why compound 9 in the reaction with potassium hydroxide in ethylene glycol did not undergo cyclization to yield the corresponding 16-amino-17a-homo derivative, but the corresponding D-homo lactone (6) .
